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Across the demographic transition, declining mortality followed by declining fertility produces 
decades of rising support ratios as child dependency falls. These improving support ratios raise per 
capita consumption, other things equal, but eventually deteriorate as the population ages.  Population 
aging and the forces leading to it can produce not only frightening declines in support ratios but also 
very substantial increases in productivity and per capita income by raising investment in physical 
and human capital. Longer life, lower fertility, and population aging all raise the demand for wealth 
needed to provide for old-age consumption. This leads to increased capital per worker even as aggre-
gate  saving rates fall. However, capital per worker may not rise if the increased demand for wealth is 
satis  ed by increased familial or public pension transfers to the elderly. Thus, institutions and policies 
matter for the consequences of population aging. The accumulation of human capital also varies across 
the transition. Lower fertility and mortality are associated with higher human capital investment per 
child, also raising labor productivity. Together, the positive changes due to human and physical capital 
accumulation will likely outweigh the problems of declining support ratios. We draw on estimates and 
analyses from the National Transfer Accounts project to illustrate and quantify these points. 

ost countries around the world are experiencing low or declining fertility and mortality, 
and consequently, population aging is in their future. No country in the world is yet close 
to experiencing full population aging; virtually all will see a doubling or tripling of their 
old-age dependency ratios, as conventionally de  ned, by the end of this century. This rise in 
projected dependency ratios suggests that in the future, there will be fewer workers to sup-
port each retired elder, and therefore that taxes and transfers will have to be substantially 
raised, that workers will have to save more throughout their lives, or that labor supply will 
have to be extended into ages people currently expect to spend in retirement. 

The prospect of population aging is a worrisome concern for policy makers, econo-
mists, and the public. It threatens the sustainability of public pension and health care sys-
tems, absent painful reforms. It raises the prevalence of every ill that af  icts the elderly, 
such as activity limitations, chronic care needs, and dementia. It adds urgency to questions 
about the adequacy of the  nancial preparation of working generations for their retirement. 
Some analysts view population aging as economically catastrophic, and others view it as 
innocuous or advantageous, with most economists located someplace in between. These 
views of the whole carry over into its parts, such as saving adequacy, pension peril, and 
intergenerational con  ict. 
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There are many topics in the macroeconomics of population aging that we could 
 address—far more than space permits. Here, we will focus on what we view to be the core 
issues: support ratios, capital intensity as it derives from desired wealth holdings, inter-
generational transfers, and human capital. We will examine these issues in a cross-national 
context in which questions about population aging are seen to be closely related to ques-
tions about the demographic transition and economic development.

SOME BACKGROUND ON THE LITERATURE IN THESE AREAS
Population aging is driven by two engines in a closed population: longer life and slowing 
population growth rates due to falling fertility. Both of these fundamental causes operate 
across the demographic transition, and they have other consequences besides aging, com-
plicating any treatment of this topic. 

We will start with neoclassical growth models (Solow 1956), which do not include 
population age distribution but do include population growth rates. These models show that 
if savings rates remain constant, slower population growth causes capital intensi  cation, 
raising the productivity of labor and per capita consumption (up to a point). If instead of 
holding savings rates constant, we always choose the savings rate that maximizes steady-
state per capita consumption (the golden rule), then we  nd that slower population growth 
(and therefore population aging) causes savings rates to fall at the same time that capital 
intensity and per capita consumption rise. This simple fact is often overlooked, but we are 
forcefully reminded of it in Cutler et al. (1990). Population aging is not generally a reason 
for policy to strive to raise national saving rates, although population aging may intensify 
the need to remedy savings rates that were too low to begin with. 

Two con  uent lines of the theoretical literature, unlike the neoclassical growth model, 
do explicitly incorporate population age distribution in an enlightening way. One line start-
ed with a seminal article by Samuelson (1958), which explored the theoretical  importance 
of intergenerational transfers in the context of an overlapping generations model with no 
durable goods. He showed that transfers can act as a store of wealth and allow the economy 
to reach a more desirable steady state than could be attained through exchange in a com-
petitive economy. Diamond (1965) added capital to this simple model, melding it with the 
Solow model. Samuelson (1975) suggested that an optimal population growth rate would 
optimize the tradeoff between capital dilution and the old-age support ratio (although 
Deardorff [1976] showed that Samuelson’s optimum was actually a minimum, leading to a 
later reformulation by Samuelson), and in a comment on this article, Arthur and McNicoll 
(1978) developed a more fully age-structured model and showed how to analyze the effects 
of variations in population growth rates across golden rule steady states. Willis, building 
on Gale (1973), elegantly showed the relation between capital and transfers as stores of 
wealth (Willis 1988). Assuming altruistic dynastic utility, Willis (1987) made fertility and 
intergenerational transfers endogenous within a general framework. Lee (1994a, 1994b) 
and Bommier and Lee (2003) further extended this framework, with an emphasis on the 
implications of patterns of intergenerational transfers through speci  c public and private 
channels. 

Parallel to these developments, Becker and Barro (1988), Becker and Tomes (1976), 
Becker and Murphy (1988), and others developed a theory of fertility, investments in 
 human capital, bequests to children, and public-sector education and pensions, leading to a 
theory of economic growth. These can be viewed as decentralized age-structured Ramsey 
models of optimal economic growth.

Although the work mentioned above is mainly theoretical, there are also important 
 theory-based numerical simulations on which we elaborate. Tobin (1967) embedded 
 realistic steady-state demography in a neoclassical growth model with life cycle saving. 
He  assumed that adults with children shared household consumption among household 
members in proportion to equivalent adult consumer (EAC) weights and chose  optimal 
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Figure 1. Producer’s Demand for Capital and Households’ Supply of Funds for Investment in Closed 
Economy, After Tobin (1967), With Th ree Illustrative Demand Schedules for Wealth 
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consumption trajectories for themselves subject to lifetime budget constraints with 
 annuitization of wealth and no bequests. The resulting age trajectories of assets by age 
were weighted by population and aggregated to  nd the aggregate demand for life cycle 
wealth as a function of the interest rate, the rate of productivity growth, and the population 
growth rate. This aggregate demand for assets by households was also an aggregate sup-
ply of investment funds for producers. Tobin plotted this against the demand for capital by 
producers as a function of the interest rate (actually, the interest rate minus the productivity 
growth rate, since it is this difference that matters in the calculation). The intersection of the 
demand and supply curves locates the equilibrium steady-state capital intensity and interest 
rate (that is, the difference between the interest rate and productivity growth rate) in the 
economy, from which wages, income, and consumption can be calculated.

The bold lines in Figure 1 are a schematic representation of Tobin’s  gure. He recog-
nized that aggregate demand for wealth by households could also be satis  ed by transfer 
wealth, such as that generated by the Social Security system, leading to less capital and 
higher interest rates in equilibrium.1 Willis (1988) modi  ed Tobin’s diagram to show the 
effects of positive or negative transfer wealth on the equilibrium. This is indicated by the 

1. In Figure 1, r is the discount rate; “demog” refers to population age distribution, fertility, and mortality; 
 is the rate of productivity growth; and “prod fn” refers to the production function that is assumed. W/wL is 

the ratio of aggregate life cycle wealth to total labor income, and K/wL is the ratio of capital stock to total labor 
income. The demand for wealth by households and the demand for capital by producers are explained more fully 
in a later section.
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two dashed lines in Figure 1. Upward transfers, like a pay-as-you-go public pension system, 
generate positive transfer wealth, which substitutes for capital in satisfying the demand for 
wealth, leading to less capital and higher interest rates in equilibrium (the dashed line to 
the left). Downward transfers, like public education or planned bequests, generate negative 
transfer wealth, which augments the life cycle demand for wealth and leads to more capital 
and lower interest rates in equilibrium (the dashed line on the right). Lee (1994a, 1994b) 
estimated the positive and negative transfer wealth arising from the public and private sec-
tors in the United States.  

Tobin’s analysis was comparative steady state. Lee, Mason, and Miller (2000, 2003) 
simulated a similar model calibrated to the economic and demographic experience of 
Taiwan and the United States for the demographic changes of the twentieth century and 
projected into the twenty-  rst. They noted the doubling or tripling of the demand for wealth 
that resulted from population aging across Taiwan’s demographic transition. They (Mason 
and Lee 2006) called this the “second demographic dividend.” (The “  rst demographic 
dividend” refers to the bene  ts arising from an improving support ratio in the middle of 
the demographic transition, which will be discussed later.) Some scenarios incorporated 
income sharing with elderly parents, which generated transfer wealth and reduced the 
increase in asset holdings, similar to the simulated effect of Social Security in the United 
States. They also noted that with serious population aging, savings rates fell at the same 
time that capital intensity increased, echoing the point made by Cutler et al. (1990). 

More recently, general equilibrium models with demographically realistic overlapping 
generations and perfect foresight have been used to simulate the effects of population aging 
and other demographic change, with setups conceptually similar to the Tobin (1967) model 
(Borsch-Supan, Ludwig, and Winter 2006; Sanchez-Romero 2009). Romero incorporated 
public pensions and private old-age support through sharing rules, as in Lee, Mason, and 
Miller (2000, 2003) deriving richly detailed dynamic results. There is increased capital 
intensity across the demographic transition, but it is muted because declining interest rates 
(resulting from the assumption of a closed economy) lead to lower saving rates. 

Other literature places greater emphasis on the effects of population age distribution 
across the demographic transition in the Third World, synthesizing models of changing 
support ratios with models of growth convergence (Bloom and Canning 2003, 2008; 
Bloom and Williamson 1998; Williamson and Higgins 1997). This in  uential research 
suggests that population aging will indeed lead to declining aggregate saving rates and 
points to the favorable age distribution trends in mid-transition as not only raising per 
capita  income through mechanical composition effects but also boosting savings rates—the 
“  rst  demographic dividend” mentioned previously. Kelley and Schmidt’s (2005) synthetic 
empirical analysis in a convergence framework supports these  ndings. 

OUR APPROACH
In a closed economy, total net output, Y, is taken to be a function of the level of technol-
ogy, A; labor inputs in ef  ciency units, L; capital per unit of labor, k; and human capital 
per unit of labor, hk:2 

Af ,Y L k hk= ^ h6 @ .
Analysis of an open economy along the lines of our previous work would allow for 
a dditional income earned by residents from their foreign asset holdings or income  owing 
to foreigners who own domestic assets. Moreover, returns to capital and perhaps human 

2. We assume constant returns to scale. The function f gives output per worker for a unit level of technology. 
Labor in ef  ciency units takes into account pure effects of age on the productivity of labor, assuming the same 
level of human capital at all ages. The effect of human capital on labor productivity is explicitly taken into account 
in the function f on the assumption that only the average amount of human capital matters, and not the age of the 
workers in which it is embedded, or whether it is concentrated in a few or diffused across many. 
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capital would be determined in global markets rather than by the amounts of capital and 
human capital in the domestic economy. Here, we focus on a closed economy.

Total consumption, C, depends on the proportion of net output saved, s; on the support 
ratio (equivalent labor units, denoted L, per equivalent consumer, denoted N); and on output 
per equivalent worker, Y /L. We are interested in consumption per equivalent consumer, c 
= C /N, which is given by: 

,c s N
L k hk1= Af^ b ^h l h .

That is, consumption per equivalent adult consumer, c, equals the product of the proportion 
of output that is consumed, the support ratio, and output per worker. In analyses presented 
later in the article, the saving rate, s, can be inferred. We have explicitly modeled and 
simulated saving in a number of other papers (Lee, Mason, and Miller 2000, 2003; Mason 
and Lee 2007), but space limitations preclude treating it explicitly here. The level of tech-
nology, A, will be assumed to rise at a constant rate. Thus, we will focus our attention on 
three factors that determine c: (1) the support ratio, (2) capital per ef  ciency unit of labor, 
and (3) human capital per ef  ciency unit of labor.

These factors vary over the demographic transition with changes in age distribution, 
survival, and fertility. They depend on age patterns of consumption both public and private. 
They depend on how labor income varies by age, which in turn depends on labor supplied 
at each age, adjusted for ef  ciency, participation rates, and hours per participant. Capital 
per ef  ciency unit of labor depends, in addition, on the amount of wealth per unit of labor 
income that the population desires to hold in order to achieve their planned levels of con-
sumption and labor income in future years. This desired wealth can be held either as transfer 
wealth or as capital (in a closed economy), and we will consider the forms in which it is held 
in different countries and the level of demand for capital that results. Finally, we note that 
population aging has been driven mainly by low fertility, and we consider the association 
between the level of fertility and the level of investment in human capital per child across 
nations. National Transfer Accounts provide the empirical foundation for the analysis. 

NATIONAL TRANSFER ACCOUNT ESTIMATES OF LABOR INCOME AND 
CONSUMPTION BY AGE
The National Transfer Accounts project (see http://www.ntaccounts.org) provides cross-
sectional estimates, in a manner consistent with National Income and Product Accounts, of 
all age-speci  c economic  ows: public and private consumption, labor income, public and 
private intergenerational transfers, public and private asset income, and public and private 
saving. Research teams in 35 countries on six continents participate in the project, and 23 
of these have produced at least the basic age pro  les. We draw on these, and on subsets of 
countries with more elaborate estimates, in the rest of this article. The details of estimation 
and reliability issues are addressed in Lee, Lee, and Mason (2008) and Mason et al. (2009) 
and on the NTA Web site.

For our purposes, labor income by age is an average across all people of a given age, 
for men and women, those in the labor force and those not, and those employed and those 
self-employed, including unpaid family labor. It includes fringe bene  ts as well as direct 
payments. To make our age pro  les comparable across countries, we standardize each one 
by dividing by the average labor income for ages 30 to 49, ages chosen to avoid the effects 
of prolonged education and early retirement. 

Similarly, consumption is averaged across all people of a given age, for males and 
females combined. It includes private expenditures by households, which are imputed to 
individuals using equivalent adult consumer weights, after separately allocating private 
expenditures on health and education to individuals in the household directly from survey 
information or indirectly using regression methods. Public in-kind transfers of education, 
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health care, long-term care, and pro-rated public and quasi-public goods are also included. 
Then, as with the labor pro  les, the consumption pro  les are standardized by dividing by 
the average labor income at ages 30–49 for that country. 

These age pro  les are currently available for 23 countries, but to simplify the expo-
sition, we plot, in Figure 2, the labor income and consumption pro  les averaged across 
four poor countries (India, Indonesia, Kenya, and the Philippines) and four rich countries 
( Finland, Japan, Sweden, and the United States). The values for each country are cross-
sectional values for a single year rather than cohort data, which is important to keep in mind 
in any interpretation of the estimates.

First, consider labor income. As we might expect, it is many times higher in childhood 
in poor countries than in rich ones, although labor income of children is very low in some 
poor countries.3 It peaks earlier in poor countries, perhaps re  ecting the more physical 
nature of work there, and the greater returns to experience for more-educated workers. 
 Finally, we see that labor income drops sharply in the rich countries after the late 50s, 
perhaps re  ecting incentives built into pension programs (Gruber and Wise 1998) and an 
increase in the demand for leisure induced by rising income (Costa 1998). Labor income 
remains substantially higher in the poor countries. 

Turning to consumption, the high levels at young ages re  ect human capital investment 
in the rich countries, and this bulge is absent in the poor countries. It is also striking that 
in the poor countries, consumption is quite  at across adult ages, from the early 20s until 
the end of life. In the rich countries, by contrast, consumption rises with age. In the United 

3. In preliminary NTA estimates, the labor income of children and young adults is very low in Senegal, South 
Africa, and Nigeria.

Notes: Th e four industrialized countries are Japan, Germany, Sweden, and the United States. Th e four developing countries 
are India, Indonesia, Kenya, and the Philippines. All values are for a recent year; estimates are cross-sectional values, not cohort 
values.

Source: National Transfer Accounts (http://www.ntaccounts.org). 

Figure 2. Per Capita Labor Income and Consumption: Average Profi les for Four Developing and 
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States, this rise partly re  ects an increase in privately funded consumption with age and 
partly re  ects a strong increase in publicly funded health care and long-term care with age.

These estimates of consumption can be subtracted from labor income at each age to 
calculate the cross-sectional “life cycle de  cits” at young and old ages and the “life cycle 
surpluses” at middle ages. The remainder of our analysis considers the implications of 
these life cycle de  cits and surpluses and the ways that consumption in the dependent ages 
is supported, through transfers or use of asset transactions (borrowing and lending; saving 
and dissaving; investing in assets and selling assets; receiving or paying interest, dividends, 
or rents, including imputed rent; and realizing pro  ts and losses from a farm or business). 

NTA includes detailed estimates of  ows of public and private transfers by age, as 
shown in summary form for the United States in 2003 in Figure 3. The portion of the 
cumulative plot above the horizontal axis (zero line) shows six kinds of in  ows of trans-
fers: public and private transfers for health care, education, and “other” (which includes 
long-term care). The portion below this axis shows the out  ows of transfers, that is, taxes 
paid for public-sector transfers and private transfers made. Private in  ows and out  ows 
are estimated separately for interhousehold and intrahousehold transfers, but these are 
combined in the  gure. The in  ows and out  ows can be summed to obtain the net transfer 
 ows at each age. 

These transfer data, augmented by data on asset income and saving (not shown in 
 Figure 3), can be used to estimate the sources for funding the life cycle de  cit of the elderly 
(that is, their consumption minus their labor income). 

NTA ESTIMATES OF OLD-AGE SUPPORT
The elderly fund their consumption, to some extent, by continuing to work. But our inter-
est here is in how the elderly fund their life cycle de  cit, which is consumption above age 

Figure 3. Gross Public and Private Transfers for the United States in 2003, Infl ows (positive = received) 
and Outfl ows (negative = made)

Source: National Transfer Accounts (http://www.ntaccounts.org). 
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65 less labor income above age 65. There are three important ways that the elderly can 
fund their life cycle de  cit (LCD65+).The de  cit can be met by relying on accumulated 
assets—a combination of asset income and dissaving; by relying on public transfers such as 
pensions or health care to the extent that they receive more in bene  ts than they pay in taxes 
to support such programs; and by relying on private transfers, principally familial old-age 
support as in some parts of the Third World. Figure 4 shows the proportion of LCD65+ that 
is funded by each of these three sources in each of 12 NTA countries. The proportions for 
each country must add to 1, so they can be represented on a triangle plot, as in the  gure.4 

The values in Figure 4 are for a year between 1998 and 2004. In three Asian econo-
mies, net family transfers to those 65 and older are positive, ranging from about 20% of 
the life cycle de  cit in South Korea to about 40% in Taiwan. In all other cases, net family 
transfers are essentially zero (Japan and Finland) or negative (Philippines, Mexico, United 
States, Uruguay, Costa Rica, Germany, and Austria). In some cases, net family transfers 
are positive at ages older than 75 or 80 (Mexico, Japan, Costa Rica), but not in the United 
States or any of the European countries shown in Figure 4. (Note that the magnitude and 

4. The gridlines and the axes (triangle sides) show movements between two sources, holding the share of the 
third constant. Along the axes, the share of the third funding source is zero. Movements along the horizontal axis, for 
example, would represent countries relying on family and public transfers to varying degrees and assets not at all. 

Source: National Transfer Accounts (http://www.ntaccounts.org). 

Figure 4. Share of Life Cycle Defi cit of Th ose Aged 65 and Older Funded by Asset-Based Flows, 
Public Transfers, and Familial Transfers: NTA Countries, 1998–2004
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direction of familial  ows in developing countries is not closely tied to the extent to which 
the elderly live with their descendants.) 

The importance of public transfers for the elderly varies substantially around the 
world. Net public transfers are essentially zero in the Philippines and Thailand. Among the 
advanced industrialized countries, in the United States, the elderly fund less than 40% of 
their de  cit from net public transfers; in Germany, Finland, and Austria, net public transfers 
fund more than two-thirds of the life cycle de  cit. 

In the Philippines, Mexico, Thailand, and the United States—a surprisingly disparate 
group—two-thirds or more of the life cycle de  cit of the elderly is funded by relying on 
assets. In Taiwan, Germany, Finland, and Austria, the elderly fund less than one-third of 
their life cycle de  cit relying on assets. 

SUPPORT RATIOS AND DEMOGRAPHIC CHANGE
The support ratio is the ratio of effective labor to effective consumers. Effective labor in 
year t is de  ned as the sum of the population age distribution for that year and a standard 
labor income age pro  le. We use NTA data to generate this standard, as described below. 
Effective consumers are de  ned similarly, drawing on NTA consumption age pro  les. We 
don’t know how age pro  les of industrial nations will change in the future. Quite possibly, 
labor supply at older ages will rise. The costs of health care at older ages might also con-
tinue to rise, but costs of long-term care may decline as the health of the elderly improves. 
Here, we simply assume that the average age pro  le for the richer countries shown earlier 
will continue to hold in the future, and we use it to calculate support ratios for the United 
States, Japan, and Spain. We also use it to calculate support ratios for these countries for the 
historical past back to 1950. For the Third World countries, we take their individual current 
age pro  les for 1950 to 2010. For the future, we assume that these Third World age pro  les 
trend linearly toward the rich-country average pro  le, with different prespeci  ed dates of 
arrival. Developing countries will not necessarily follow the same path as the industrialized 
countries, but time-series data that we have analyzed indicate that labor income has become 
compressed within a smaller age interval and that education consumption at young ages 
and health consumption at older ages have increased substantially. For the population age 
distributions, we rely on United Nations data.5 

Consider the demographic changes over the course of a classic demographic transi-
tion. Initially, mortality begins to fall while fertility remains high, resulting in rising child 
dependency ratios as more births survive. Rising child dependency translates into falling 
support ratios. Eventually, typically after a number of decades, fertility begins to decline 
and child dependency falls, causing the support ratio to begin to rise. This phase of rising 
support ratios continues for three to  ve decades, producing the  rst demographic dividend 
as support ratios rise well above their pretransition levels. Eventually, however, fertility 
decline leads to slower labor force growth, and mortality decline leads to more rapid growth 
of the elderly population. Population aging reduces support ratios, which may end up close 
to their pretransition levels—or perhaps even below them if fertility is far below replace-
ment. In the industrial nations, this classic transition was disturbed by baby booms in the 
1950s and 1960s followed by baby busts, generating more complex patterns. 

The support ratios for three industrial nations (the United States, Spain, and Japan) and 
for three Third World nations (China, India and Kenya) are shown in Figure 5. In the initial 
phase, support ratios decline, as we see for Kenya, China, and India. Fertility decline came 
latest and has proceeded most slowly in Kenya, which still has a total fertility rate near 5. 
Fertility decline started in China and India around the same time, but decline was much 
more rapid in China, which shows in its steeper and higher increase in the support ratio, 

5. We use the 2008 revision of the United Nations data and projections to 2050. We splice these to United 
Nations long-term projections for 2050 to 2100. 
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followed by a steeper and earlier onset of population aging and falling support ratios. In 
India, the  rst dividend phase will apparently continue for another few decades, while in 
China, it has already ended. 

Among the industrial countries, Japan’s fertility decline came later than that of the 
United States or Spain, but the United States had a major baby boom and subsequent fertil-
ity near replacement, while Spain’s fertility decline stalled for decades before resuming. 
As a result, Japan’s support ratio was the  rst to fall due to population aging. The decline 
in the United States starts around 2007, and in Spain it starts about  ve years later. The 
decline in the United States is more modest because of its higher fertility, while in Japan 
and Spain, the support ratio plunges.

How important are these swings in the support ratio? Given the uncertainties surround-
ing long-term forecasts, let’s focus on the projected changes between 2010 and 2050. For 
Kenya, the rising support ratio would by itself, other things being equal, raise age-speci  c 
consumption by 0.6% per year. For India, this is 0.2% per year, and in China, aging will 
drop consumption by 0.4% per year. Given the growth performance of China and India 
in recent decades, these positive and negative effects are modest, but for Kenya, the gain 
might matter more. All three industrial nations will experience declining support ratios 
between 2010 and 2050. For the United States, this is 0.3% per year; in Japan, 0.7%; and 
in Spain, 0.8%. The U.S. decline (similar to that reported in Cutler et al. 1990) is small and 
slow. Because U.S. fertility is relatively high, population aging will be less severe. How-
ever, for Spain and Japan, the anticipated decline in the support ratio is three to four times 
as large and quite important. 

Figure 5. Support Ratios for Th ree Poor and Th ree Rich Countries, Based on U.N. Population 
Projections and Average Profi les for Four Poor and Four Rich Countries

Source: Calculated by the authors; see the text.
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These calculations tell us what would happen if current consumption and labor sup-
ply remained similar in the future. However, they will doubtless change for many possible 
reasons: labor supply at older ages may increase, health care costs of the elderly may con-
tinue to rise faster than productivity growth, the involvement of families in eldercare may 
rise or decline, and so on. Of great concern in many industrialized countries, the United 
States in particular, is the prospect of continued growth in health care costs. To consider 
the implications of this possibility, we explore a simple case in which per capita consump-
tion of health care at each age increases at 2.5% per year, while nonhealth consumption at 
each age increases by 1.5%, in line with productivity growth. These assumptions are based 
on the report of the Board of Trustees of Medicare (2008). Under these circumstances, the 
support ratio will decline by 0.5% per year in the United States and by 1.0% in Japan and 
Spain between 2010 and 2050. Health spending as a percentage of total consumption would 
increase to 21% in Spain, 27% in the United States, and 30% in Japan.6 Whether the rise 
in health care spending is itself an undesirable outcome is unclear. Jones and Hall (2007) 
argued that an increase in the budget share of health spending to 30% by 2050 in the United 
States is consistent with consumer preferences about how to allocate resources as higher 
income levels are realized.

Increases in the support ratio during the demographic transition may be used to fund 
increased consumption or, alternatively, to fund investment in physical or human capital, 
thereby making a lasting contribution to economic growth. Tightening of the budget con-
straint due to population aging may be systematically linked with intensi  cation of human 
or physical capital. We will now explore these connections. 

THE DEMAND FOR WEALTH AND PRODUCERS’ DEMAND FOR CAPITAL
Individuals choose to hold wealth—claims on future output in excess of their future labor 
income—for many reasons. They may want to save for their retirement or more generally 
to smooth their household consumption over the normal ups and downs of labor income 
over the life cycle. This is what we call the life cycle demand for wealth. But there are other 
motives as well. They may want to accumulate a buffer fund in case of future emergencies. 
They may want to leave a bequest for their children. Or they may just enjoy the feeling 
of power it conveys. Whatever the reason, the demand for wealth and actual holdings of 
wealth vary strongly by age, and changes in the population age distribution exert a powerful 
effect on the aggregate demand for wealth, as we shall see. 

Wealth can be held in two basic forms: capital and transfer wealth. For the moment, 
let us assume that all wealth is held as capital and restrict our attention to life cycle wealth, 
needed solely for the purpose of smoothing consumption and providing for retirement. In 
this case, the amount of wealth that the average adult in the population wants to hold is 
equivalent to the amount of capital they want to hold, at some given interest rate and rate of 
productivity growth. Figure 6 plots this amount as W(r) and assumes a productivity growth 
rate of 2%. The curves shown here have been calculated based on the cross-sectional con-
sumption and labor income age schedules for three countries that differ in various ways, 
including population age distribution: the United States, Japan, and the Philippines. The 
calculated life cycle wealth assumes that adults smooth their individual consumption while 
planning to provide for the consumption of their children at the level indicated by the con-
sumption age schedule. All adults expect productivity growth to continue at a rate of 2% 
into the future, lifting their age-earnings schedule, and likewise lifting the age-consumption 
pro  le of themselves and their dependents. They set the level of this consumption pro  le 
such that the lifetime present value of their expected labor income will equal the present 
value of the consumption for which they pay, including their dependents’ consumption. 

6. This calculation is based on the country-speci  c consumption pro  les and thus re  ects current variation 
across countries in their spending on health care. 
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Figure 6 plots this curve for values of r from 0% to 10% per year. W(r) is positive 
in this range for the United States and Japan, but is mostly negative for the Philippines. 
 Notice that in the Philippines, with a young population, the curve is located to the left; in 
the United States, with an intermediate-aged population, it is in the middle; and in Japan, 
with an old population, it is located farther to the right. 

This curve describes the funds for investment that the population would offer at each r, 
purely for purposes of life cycle smoothing, under the unrealistic assumption of no public 
or private transfers. Producers also want to invest in capital to increase production, with 
the amount depending on r. This is a rectangular hyperbola if the production technology is 
Cobb-Douglas with constant returns to scale (see the appendix). As drawn here, this curve 
assumes that there is an equity premium of 1% (this value is chosen solely to produce 
equilibrium for the United States and Japan, for purposes of illustration).7 The intersection 
of the two curves locates the equilibrium interest rate and ratio of capital to labor income, 
on the assumption that capital markets are closed.8 

For the Philippines, we see that there is no intersection, so producers’ demand for 
capital would have to be satis  ed by foreign investors, counter to the closure assumption 

7. More plausibly, the equity premium is 3% or 4%. Alternatively, we could change the elasticity of substitu-
tion of labor and capital in the production function to achieve an intersection of schedules at an equilibrium point. 
Obviously, this exercise should be viewed as illustrative. 

8. For more details about the construction and interpretation of this diagram, see Tobin (1967). 

Figure 6. Aggregate Demand for Life Cycle Wealth, W(r), Relative to Labor Income, for Th ree 
Countries (young, intermediate, and old), Together With Producers’ Demand for Capital 
Schedule (relative to labor income) Assuming an Equity Premium of .01

Source: Calculated by the authors; see the text.
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made here. Both Japan and the United States have two equilibria: an unstable one with little 
capital and a high interest rate, and a stable one with much capital and lower r.9 We focus 
on the stable equilibrium to the right. The United States equilibrium is at about r =.02 and 
K*/Yl = 6 (where Yl = wL is total labor income). The Japan equilibrium is at about r = –.01 
and K*/Yl = 10. More realistically, these are open economies, and we could also simply 
show a horizontal producers’ demand schedule at a  xed interest rate. 

Figure 7 shows the ratio of life cycle wealth, W, calculated in this way, to average 
labor income for 23 countries for a discount rate of 3% and expected productivity growth 
rate of .02. This ratio is plotted against the proportion of the population aged 65 and older 
as a measure of population aging. We see that the association between the demand for life 
cycle wealth and population aging is strong (R2 = .85 in the descriptive regression). Further 
analysis indicates that between two-thirds and three-quarters of this association is a pure 
effect of population aging, while the remainder is due to the change in the shapes of the 
age pro  les of consumption and labor income that we noted earlier. The  gure shows an 
increase from around 0 in the standardized demand for wealth in the youngest populations 
to around 7 in the oldest population. This increase, if translated into increased holdings of 
capital, would imply an increase in labor productivity by a factor of two or three. 

The corresponding ratios to labor income, wL, would be twice as great, ranging from 0 
to 14. Of this, about two-thirds, or 9.7, re  ects an increase due to population aging alone. 
Suppose that this increase in life cycle wealth leads to a corresponding increase in the 

9. The equilibria in the  gure should be regarded as more conceptual than empirical, illustrating that popula-
tion aging leads to increased capital intensity.

Figure 7. Ratio of Life Cycle Wealth to Labor Income Versus Proportion Aged 65+, Based on Adult 
Calculations

Notes: Th is calculated value of wealth is based solely on adults, and child consumption is folded into adult consumption. 
Th is eliminates children’s demand for credit (negative wealth). Th e results are qualitatively similar when wealth is calculated for 
all individuals including children. 

Source: Calculated by the authors; see the text. 
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capital labor ratio, K/wL. Assuming a capital coef  cient of one-third in a Cobb-Douglas 
production function (see the appendix), the productivity of labor would increase in propor-
tion to the square root of this, or by a factor of 3; for a capital coef  cient of one-quarter, the 
factor would be about 2. These  gures suggest that going from 5% elderly to 20% elderly 
would raise output per unit of labor by a factor of 2 to 3, due to increased capital intensity.

However, as discussed earlier, wealth can be held in other forms besides capital, so this 
calculation is a great oversimpli  cation.

TRANSFER WEALTH AND THE DEMAND FOR CAPITAL
Earlier, Figures 3 and 4 showed various aspects of our NTA estimates of public and private 
 ows of transfers. We can reexpress these  ow data as a form of wealth by assuming that 

individuals expect these cross-sectional patterns to hold in the future, albeit modi  ed by 
expected productivity growth.10 

Transfer wealth at age x, denoted T(x), is the present value of survival-weighted trans-
fers expected to be received in the future minus those expected to be paid. For example, 
the expectation that adult children will provide support to retired parents would lead to 
positive private transfer wealth. Likewise, the expectation of Social Security bene  ts in 
excess of future contributions would lead to positive public transfer wealth. Bequest wealth 
is the difference between expected receipt of bequests in the future and expected bequests 
left to others. This will be negative for the population as a whole because people on aver-
age receive bequests at a younger age than when they make them. Thus, the expectation of 
leaving bequests leads to a greater demand for capital. In our estimates, bequest wealth is 
a catch-all category that expresses the effects of all motivations for holding wealth beyond 
life cycle saving as modi  ed by public and private transfers. If people accumulate wealth 
just for the thrill of it, then when they die, they will leave it as a bequest, intended or not, 
which we will measure.11 The portion they consume already enters into the life cycle wealth 
calculation by way of the average c(x) age pro  le. Likewise if they do not annuitize their 
wealth, and so save extra for retirement in case they live longer than average, this will lead 
to larger unintended bequests, which we can measure.

Figures 8 and 9 (based on Tobin [1967], Willis [1988], and US NTA estimates for 
2003) show for the United States how private transfer wealth, public transfer wealth, and 
bequest wealth are combined with life cycle wealth to determine the amount that the popu-
lation wishes to invest in capital at each interest rate. Figure 8 shows each form of wealth 
 separately in relation to r. In Figure 9, the demand for capital by producers is calculated from 
a constant returns-to-scale Cobb-Douglas production function with a capital elasticity of .25 
and with an assumed equity premium of .01 above the discount rate r. The demand for life 
cycle wealth is W(r). The equilibrium based on the pure life cycle demand for wealth with 
no transfers or other motivation to hold wealth is at the intersection marked A, at roughly 
r = 2% and K/Yl = 6. The second curve shows the full demand for capital, taking all transfers 
into account, given by the sum of the four curves plotted in Figure 8. The intersection of 
this curve with the demand for K curve gives us the equilibrium value of r = –0.5% and of 
K/Yl = 13. These are not realistic values, but the different equilibria illustrate the important 
role of transfers in determining the equilibrium interest rate and capital stock. 

One clear implication of Figures 8 and 9 is how misleading it could be to focus on 
the life cycle saving motive for asset accumulation without attending to public and private 
transfers as well. We can assess the relative size of the various motives if we specify a 

10. In this calculation, we have not allowed for the fact that future population aging will mean that these 
individual expectations cannot be realized, for example, due to  scal unsustainability under population aging. We 
could impose a sustainability constraint on their expectations, but how individuals form their expectations in this 
regard is an open question.

11. If they consume it, that consumption will already be re  ected in our consumption age pro  le, and only 
the excess of average wealth beyond average consumption will show up as a bequest in our calculations.
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Figure 8. Forms of Wealth in the United States: Life Cycle, Family Transfers, Public Transfers, and 
Bequests (individuals discount at 3% and expect 2% productivity growth)

Source: Calculated by the authors; see the text. 
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value for r (assuming an open economy, perhaps) and examine Figure 8. For r = 3%, Fig-
ure 8 indicates that the life cycle demand for wealth (relative to per capita labor income) 
is +4.8, private transfer wealth other than bequests is –3.0, public transfer wealth is +2.3, 
and bequest wealth is about –2.5. Recall that Kotlikoff and Summers (1981) found that 
a greater proportion of the U.S. capital stock could be explained by the desire to make 
intergenerational transfers than by the life cycle saving motive. Combining the two com-
ponents of private transfer wealth, we come to –5.5, which contributes more to the demand 
for capital than life cycle wealth, at 4.8. However, bringing public transfer wealth into the 
picture negates some of the private transfer wealth, leaving a net value of transfer wealth 
of –3.2, versus 4.8 for life cycle wealth, and generating a total demand for wealth of 8.0 
instead of 4.8. 

POPULATION AGING, CAPITAL ACCUMULATION, AND CONSUMPTION 
LEVELS
We have seen that a population has a certain demand for life cycle wealth, which is the per 
capita level of wealth needed to smooth consumption over the life cycle, including the con-
sumption by children, and to provide for consumption during retirement. Population aging 
drives massive increases in this demand for wealth because, with a greater proportion of 
elderly, more wealth must be held to provide for their old-age consumption. However, this 
does not necessarily translate into an increased demand for capital, since life cycle wealth 
can be held as public or private transfer wealth as well as in the form of assets. Further-
more, there are other motives for holding wealth besides consumption smoothing, and these 
inevitably lead to bequests, whether intended or unintended. 

Population aging across the demographic transition, including those later stages of 
aging that many populations will experience over the coming decades, shifts the demand 
for wealth and the demand for capital to the right, leading to increased capital per worker, 
and therefore higher productivity. This brings us back to the expression for productivity per 
worker: Af(k,hk). The increased demand for life cycle wealth, other things equal, entails an 
increase in k and therefore increased productivity. The extent to which this occurs depends 
on the extent to which transfers are used to fund consumption by the elderly. 

Our discussion of these points has been based on comparative steady states and various 
other simplifying assumptions. However, we have also done dynamic simulations (Mason 
and Lee 2007) of consumption, savings, and assets over the demographic transition, based 
on the assumption that the share of transfers in funding the old-age life cycle de  cit remains 
unchanged, and that the cross-sectional consumption pro  les also keep the same shape, 
 although their levels change over time. In these simulations, we found a substantial increase 
in the ratio of assets to labor income, along the lines suggested earlier. These simulations 
adhered closely to the measures and concepts introduced previously. In an earlier study, 
rather than using the NTA consumption age pro  les, we assumed that adults are strict life 
cycle savers, in a dynamic version of Tobin’s 1967 study (Lee, Mason, and Miller 2000, 
2003). That study showed a doubling or tripling of the demand for wealth due to the popu-
lation aging that accompanies the demographic transition in Taiwan. We also found that 
increased reliance on familial transfers or public sector transfers substantially diminished 
this increase in the demand for wealth. 

Finally, Sanchez-Romero (2009) developed a general-equilibrium overlapping gen-
erations (OLG) model with full demographic structure, taking the demographic transition 
as exogenous and assuming perfect foresight. He incorporated familial support of the 
elderly and public-sector pensions to speci  able degrees. He found capital intensi  ca-
tion over the course of the demographic transition, but to a lesser degree when there were 
familial or public transfers to the elderly. He also simulated pre- and post-transitional 
demographic steady states and generated diagrams much like the Tobin-Willis diagrams 
(Figures 1, 6, and 8), showing the forms in which wealth is held, the demand for capital, 
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and the  equilibrium capital stock and interest rate. In his closed economy model, Romero 
found smaller effects on the demand for capital than we have in an open economy model 
of Taiwan because increased capital intensity drives down the rate of return on assets and 
dampens saving rates. 

POPULATION AGING AND HUMAN CAPITAL
Human capital shares many of the features of capital that are discussed above. Human 
capital is productive and, hence, investment in human capital is a way that producers can 
increase their output. The returns to investment in health is an empirical issue that has 
 attracted considerable attention. The literature on health (Acemoglu and Johnson 2007; 
Barro 1991; Bloom and Canning 2001; Fogel 1997; Kelley and Schmidt 2007; World 
Health Organization 2001) is somewhat more limited and without consensus as compared 
with the literature on the returns to education (Card 1999; Goldin and Katz 2008; Heckman, 
Ochner, and Todd 2008). 

Human capital also has a role in dealing with the economic life cycle. Working-age 
adults can invest in their children and, when old, rely on their children for old-age support 
(Becker and Tomes 1976). Governments can act in a similar fashion by providing public 
support for human capital spending and taxing the enhanced earnings of the bene  ciaries 
to support the elderly (Becker and Murphy 1988). Investment in human capital may also 
be motivated by concerns completely unrelated to the life cycle. For example, parents may 
invest in the education of their children for altruistic reasons, leading to the creation of 
 human capital that is transmitted from generation to generation. (Note that the transmission 
process is somewhat more complex with human capital because it is embodied. Individuals 
can’t bequeath their human capital, but they can invest the returns from human capital into 
the human capital of their children and thereby accomplish much the same thing.) Parents 
may derive utility directly from the accomplishments of their children, and invest in it. 

Since the pace and extent of population aging is largely determined by the level of 
fertility, we are particularly interested in the relation between fertility levels and investment 
in human capital (see Lee and Mason 2010). Under the quantity-quality theory (Becker 
and Lewis 1973; Willis 1973), parents allocate their resources among own consumption, 
numbers of children, and quality of children, where quality is sometimes de  ned as amount 
invested in the average child. In simple versions, parents  rst choose the share of income to 
spend on own consumption and then decide how to allocate the remainder between quantity 
and quality of children, with the product of numbers of children and average investment per 
child entering the budget constraint. Taking the budget share devoted to children as  xed, 
the elasticity of quality with respect to quantity would be –1. Nothing here tells us whether 
exogenous fertility variation is in  uencing human capital investment, or the reverse, or 
perhaps another factor like income growth is in  uencing both. 

Across countries, we can standardize expenditures on children by dividing by the aver-
age labor income across ages 30–49, as was done elsewhere in this article. If the share of 
labor income that is spent on children is similar across countries, then we would also  nd 
a quantity-quality elasticity close to –1 cross-nationally. We provide these comments as a 
benchmark or frame of reference for interpreting the results. 

Here, we focus on human capital investments rather than on general expenditures 
on children, most of which are for ordinary consumption (basic lodging, food, clothing). 
We measure human capital investment in a child at age x as the sum of private and public 
spending per child on health and on education. We then sum this measure over ages 0–17 
for health and 0–26 for education to  nd total human capital investment per child, HK, in a 
synthetic cohort sense, based on our cross-sectional data. We divide this amount by average 
labor income for ages 30–49. 

The left panel of Figure 10 plots the log of HK against the log of the total fertility 
rate (TFR) for the  ve years before and including the survey year for the NTA estimates. 



S168 Demography, Volume 47–Supplement, 2010

Clearly, the relationship is negative. The elasticity of HK with respect to TFR in a descrip-
tive regression is –0.9, fairly close to the –1 benchmark. 

For Japan, Taiwan, and the United States, we can do a similar analysis over time, as 
shown in the right panel.12 Here, we  nd elasticities of –0.7 for the United States, –1.5 for 
Japan, and –1.4 for Taiwan (Ogawa et al. 2009). 

While direction of causality is unclear, these data indicate a negative  relationship 
 between fertility and human capital investment per child relative to labor income. 
 Because low fertility is the main demographic source of population aging, we would 
expect to  nd a similar relationship between population aging and HK per worker or per 
capita. Descriptive regressions con  rm these relationships both cross-sectionally and over 
time within countries. 

In earlier research (Lee and Mason 2010), we developed a simple OLG model 
that  incorporated this estimated relationship between HK investment and fertility, and 
 additionally included an effect of HK of workers on their productivity. There is no  physical 
capital. In this model, lower fertility leads to fewer workers, an older population, and a 
higher  old-age dependency ratio. But it also leads to more investment of HK in children, 
so that each of the fewer workers is more productive, tending to offset the effects of the 
rising old-age dependency ratio. We also simulated the economic outcome over a stylized 

12. We have one early observation for the United States, at the peak of the baby boom in 1960, followed 
by many other observations for the period when fertility was much lower and did not vary much over time. Our 
estimated elasticity for the United States is based on the contrast of 1960 to later years, not on the variations among 
those later years. 

Figure 10. Relation of Fertility to Human Capital Spending Per Child in Cross-Section and Time 
Series 

Notes: Human capital spending is the sum of average age specifi c public and private spending per child for health and 
education, summed over ages 0–17 for health, and 0–26 for education. Th e total is divided by the average labor income for each 
country and period for ages 30–49. Th e total fertility rate is for the fi ve-year period closest to the year of the human capital esti-
mate. In the left panel, AT = Austria; BR = Brazil; CL = Chile; CN = China; CR = Costa Rica; DE = Germany; ES = Spain; FI = 
Finland; FR = France; HU = Hungary; ID = Indonesia; IN = India; JP = Japan; KE = Kenya; KR = South Korea; MX = Mexico; 
PH = Philippines; SE = Sweden; SI = Slovenia; TH = Th ailand; TW = Taiwan; US = United States; and UY = Uruguay.

Sources: Lee and Mason (2010); Ogawa et al. (2009). 
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 demographic transition. Initially, the support ratio rises as fertility falls. However, the 
higher support ratio now leads to higher investment in HK, so the  rst demographic divi-
dend is partially invested. This leads to subsequent increases in worker productivity, and 
even with population aging, consumption is higher in the long term. 

CONCLUSION
Low fertility and rising longevity will cause the proportions of elderly to rise strongly in 
all countries during the twenty-  rst century. Even the oldest national populations of today 
will experience a doubling or more in their old-age dependency ratios in the next decades. 
There has been a tendency to focus on the dif  culties this aging will cause for government 
programs for the elderly, and particularly public pensions. But public pensions cost only a 
small fraction of national output, and focusing on them can easily give a mistaken sense of 
the consequences of rising old-age dependency. The changing support ratio, which re  ects 
much more than pensions, and which is more realistic than the dependency ratio, gives 
more useful information.

We have drawn here on NTA estimates of consumption and labor income across the 
age distribution to construct support ratios for a selection of countries. Viewed through 
support ratios, we see that for a number of countries, the changes expected from 2010 
through 2050 are relatively unimportant in some countries, such as the United States 
(where fertility is near replacement) and India (where population aging toward 2050 will 
neutralize some of the earlier gains). For others (e.g., Japan and Spain), support ratios 
will decline faster and farther, reducing growth rates of age-adjusted consumption by 
nearly 1% per year. For Kenya, the gains from a rising support ratio will be important at 
about 0.6% per year. 

Population aging leads to falling support ratios. Other things being equal, that would 
mean falling consumption. However, we have suggested here that population aging and the 
low fertility and mortality that cause it can themselves generate increased income by raising 
the accumulation of physical capital and human capital or through increased investments 
in foreign assets. 

First, consider physical capital. The demand for wealth, of which capital is one form, 
arises from diverse motivations, but the desire to provide for consumption during retire-
ment is among the most important. We have shown that this life cycle demand for wealth 
increases greatly as populations grow older. If most wealth were held in the form of capital, 
then population aging would drive a great increase in holdings of capital relative to labor 
income. However, public and private transfers, including bequests, and the correspond-
ing forms of transfer wealth, substitute for capital in satisfying the aggregate demand for 
wealth, or in some cases augment it. Using NTA data, we  nd wide cross-national variation 
in the roles of assets and public and private transfers in funding the consumption of the 
elderly. These must be considered in conjunction with the demand for wealth to understand 
the forces driving domestic capital accumulation and international capital  ows. 

For quite different reasons, the low fertility that drives population aging also is strongly 
associated with rising rates of investment in human capital per child, which in turn raises 
labor productivity. 

The demographically induced increases in capital and human capital per worker could 
easily overwhelm and reverse the negative effects of population aging working through 
the support ratio. Whether they do depends in part on policy. Heavy reliance on public or 
private transfers to provide for consumption in old age reduces the bene  cial effects of 
population aging. Ill-functioning  nancial markets and a  nancially illiterate work force 
would reduce them as well. Ineffective educational institutions could also fail to translate 
a demand for education into increased labor productivity in later years. 

Many bene  ts of the demographic changes that produced population aging have 
 already been with us for decades, and we largely take them for granted. Rising payroll taxes 
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and pension reform are painfully present and clearly linked to population aging. Deeper 
capital stock and a better-educated work force do not make these visible costs of popula-
tion aging go away. However, if we take a few steps back, we can see that population aging 
brings economic bene  ts that may be at least as important as its costs. 

APPENDIX. BASIC RESULTS FOR THE COBB-DOUGLAS CASE
Consider a constant returns-to-scale Cobb-Douglas production function: 

Y = AK L1 –  (A1)

Without loss of generality, set A to 1. Several well-known properties of the Cobb-Douglas 
production function are useful. Output per worker (y) is given by y = k  (where k =K /L). 
The wage rate is the marginal product of capital, w = (1 – )y = (1 – )k , and total labor 
income is wL = (1 – )Y. The rate of return to capital is the marginal product of capital, or 
r = Y /K, and the total income accruing to capital is rK = Y. 

The Capital Output Ratio and Output Per Worker
We want to  nd output per worker, y, as a function of the ratio of capital to total labor 
 income, or  = K /wL = k /w. Substituting for w from above yields  = k /w = k /((1 – )k ) 
= k1 – /(1 – ). Noting that y = k  and rearranging terms yields 

y 1 1= ^^ h h . (A2)

Output per worker varies as the capital-output ratio, , to the factor  /(1 – ). For  = 1/3, 
y varies as the square root of , and for  = 1/4, y varies as the cube root of . 

Producers’ Demand for Capital
The producers’ demand for capital (relative to total labor income) is found by dividing total 
capital income by total labor income and rearranging terms: 

wL
K

r1
1= ^ h . (A3)

The producers’ demand for capital relative to labor income is therefore either 1/2 or 
1/3 times 1/r, when  is either 1/3 or 1/4. Several adjustments are required to complete the 
analysis. First, the rate of return to capital exceeds the lower risk rate of return r used by life 
cycle planners by the equity premium. Thus, the producers’ demand for capital is shifted 
downward by the assumed value of the equity premium when plotted against r. 
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